Evidence for plasma membrane impermeability to small ions in acrosome-intact mouse spermatozoa bound to mouse zonae pellucidae, using an aminoacridine fluorescent pH probe: time course of the zona-induced acrosome reaction monitored by both chlortetracycline and pH probe fluorescence.
Previous studies have shown that capacitated mouse spermatozoa bind to zonae pellucidae of mouse eggs with acrosomes apparently intact. The question addressed in this study was the following: are the membrane permeability barriers of the apparently acrosome-intact sperm still retained or is there a preliminary stage of the acrosome reaction in which these barriers are lost and the intracellular space becomes accessible to extracellular substrates? The experimental approach was to use the fluorescent pH probe 9-amino-3-chloro-7-methoxyacridine, which accumulates in intracellular spaces of lower pH than the suspending medium with the result that the cells become fluorescent. Freshly capacitated mouse spermatozoa bound to isolated zonae showed uniform fluorescence over the head and midpiece with this fluorescent probe at early times of binding. The fluorescence was abolished by NH4+ and nigericin, agents that equilibrate H+ across cell membranes. At these early times of binding, the acrosomes were fully intact as judged by chlortetracycline fluorescence pattern, which itself was unaffected by either N4+ or nigericin. The time course of the loss of this chlortetracycline pattern characteristic of acrosome-intactness was closely paralleled by loss of fluorescence of 9-amino-3-chloro-6-methoxyacridine over the first 90 min; thereafter, loss of the chlortetracycline pattern was somewhat more rapid. This result shows that acrosome-intact sperm bound to zonae pellucidae retain the permeability barriers of the plasma membrane to small cations; no evidence was found for an early stage of membrane "leakiness" preceding the acrosome reaction. The ionophore A23187 induced a very rapid acrosome reaction in sperm bound to isolated zonae, as judged with both fluorescence probes. This rapid reaction was partially inhibited by 3-quinuclidinyl benzilate, which, in the absence of ionophore, completely blocks the occurrence of the acrosome reaction in sperm bound to zonae. This suggests involvement of a specific calcium entry mechanism in the acrosome reaction of mouse sperm induced by mouse zonae pellucidae.